Background: The discovery of the nod-like receptor protein (NLRP) inflammasomes in 2002 has led to the rapid identification of these unique cellular proteins as key targets for studies on innate inflammation pathways. The NLRP inflammasomes have been shown to be expressed in normal human epidermal keratinocytes (NHEK) and human dermal fibroblasts (HDF). NLRP inflammasomes in keratinocytes are interesting as these skin cells are the first living cells in the skin to contact external exogenous threats such as UV energy, chemicals, physical trauma, and bacteria and viruses. Activation of the NLRP Inflammasomes by exogenous threats results in the release of active Caspase-1 (ACasp-1), a key protease enzyme, which targets inactive forms of IL-1β, IL-18 as well as IL-1α and IL-33. Purpose: This article discusses efforts to examine the release of active Caspase-1 from NHEKs activated by various exogenous threats including UVB energy, ATP, Nigericin and Urban Dust. The work further examines if, after inflammasome activation and Caspase-1 release, certain naturally derived botanical ingredients known to have anti-inflammatory effects can function to inhibit upregulation of active Caspase-1. Methods: NHEK were treated with various doses of UVB, ATP and Nigericin and with a single dose of Urban Dust. ACasp-1 expression was measured after 3 and 20 hours using the Promega Caspase Glo-1 bioluminescent assay. After confirmation that 60 mJ/cm 2 of UVB and 5mM of ATP were effective to activate NHEK ACasp-1 release after 20 hrs, these conditions were employed to examine the influence of three botanical blends of ingredients on their ability to inhibit ACasp-1 expression. Results: Initial results demonstrate that NHEKs can be activated to release active Caspase-1 by ATP and UVB, but not by Nigericin or Urban Dust. In addition, it was unexpectedly found that, while ATP and UVB activated NHEKs, the release of ACasp-1-did not happen within the first 3 hours after exposure but did become significant after 20 hours. Additional results indicate that a blend of polysaccharides and two blends of antioxidants, one oilsoluble and the other water-soluble, known for their anti-inflammatory effects, can reduce expression of active Caspase-1 in activated NHEKs when applied extracellularly. Conclusion: Expression of NLRP activated release of ACasp-1 was found to be influenced by UVB and ATP but not by Nigericin or Urban Dust. The effects were also time dependent. Several botanical extract blends were found to reduce ACasp-1 expression in previously activated NHEKs. Links between these inflammatory effects and processes of cellular inflammaging are discussed.
Introduction
It is interesting that regardless of how well a person protects his/her skin or avoids sunlight, eats well, exercises, and gets plenty of sleep, the body continues to age. The aging process is inherent in life and progresses regardless of the steps often taken to avoid the gradual body diminishments. There are various theories as to why our bodies age that have captured the scientific and commercial cosmetic and therapeutic imagination. These include, for example, telomers which are the endcaps of our DNA and seem to shorten with aging. 1 The possibility that caloric restriction turns on various primitive defense mechanisms such as Sirtuin proteins that can also be influenced by ingredients such as resveratrol has become an important target for longevity studies. 2 The theory of free radical aging posits the body, burning oxygen and being exposed to external radiation like UV, creates countless free radicals that attack key cellular targets, like DNA, thereby resulting in aging. 3 The idea that free radicals can be controlled by the use of antioxidants remains a popular antiaging concept. 4 Control of key biological cellular defense pathways, such as p53 or mTOR, that are responsible for controlling cellular defensive processes and cellular senescence is also a key target of antiaging strategies. 5 And yet, aging remains (and will likely remain) a mysterious process that can be influenced but never completely overcome. Inherent in all the examples above is the body's effort to fight aging that occurs through the cellular control of inflammation. 6 Inflammation is the yin and yang of the body's effort to fight adverse threats that diminish the proper functioning of the body's normal defensive systems, and the aging processes associated with inflammation are known as "inflammaging". 7 Inflammation occurs when the body's cells are attacked by external threats such as bacteria or viruses, or chemicals (like pollution). Inflammation also occurs when external energies, like UV or visible light, cause cellular damage. 8 Inflammation upregulates body defenses that work to diminish the damage caused by the external attacks and brings the body back into homeostasis. But, when the body's defenses over-compensate, the effects can be equally detrimental. A cytokine storm is an example of inflammation overcompensation to an allergen or microbial assault and often can be more dangerous than the actual initial aggressor. 9 The cellular cascades that lead to inflammation and healing are complex. They begin with attack by an exogenous external agent that tries to change the natural balance of the body. In 2002, it was discovered that initiation of inflammation begins with the body's recognition of an external aggressor through nod-like receptor proteins (NLRPs). 10 The NLRPs activate the process of inflammation through recognition of the external threats and creation of cellular protein structures called Inflammasomes. 11, 12 Inflammasomes are the gatekeepers for the processes of inflammation. 13 The NLRP inflammasomes: inflammation's gatekeepers In 2002, Martinon et al, published their initial findings on the discovery of cellular inflammasomes. 10 They initially referred to inflammasomes as "molecular platforms that triggered activation of inflammation". In a later publication, they focused attention on the defensive influences of inflammasomes, calling them the "guardians of the body". 13 Inflammasome activation has been linked to various skin abnormalities such as acne, dandruff, contact dermatitis, atopic dermatitis, rosacea, photoaging, and skin cancer. [14] [15] [16] [17] [18] [19] [20] [21] Inflammasome activation has been directly linked to the process of inflammaging. 22, 23 It has been demonstrated that in aging human fibroblasts, inflammasomes accumulate and that control of inflammasome activation can help improve cell survivability. 14 Inflammasome function is associated with the processes of autophagy and has also been shown to be influenced by the body's circadian fluctuations. [24] [25] [26] [27] In addition, while it appears that there have been correlations noted between the microbiome of the gut and inflammasome activation, solid links between the skin microbiome and inflammasome activation or suppression are lacking. 28, 29 The activated nod-like receptor proteins, or NLRPs, create circular Inflammasome oligomers, Figure 1 . The NLRPs are comprised of three key molecular components that include 1) Nucleotide-binding domain and Leucinerich repeat Receptors (NLR), 2) Apoptosis-associated Speck-like protein (ASC), and 3) inactive Caspase-1 (Pro-Caspase-1). 30 Formation of these protein fragments is controlled through transcription from nuclear signals arising from nuclear factor-kappa β (NF-ƙβ) within the cell's nucleus. These three protein components assemble to form a cohesive molecular unit called an NLRP Inflammasome. External threats cause the NLRP Inflammasomes to change structure and to oligomerize into unique structures called Inflammasome Complexes. 31 The fully assembled Inflammasome Complex cleaves Pro-Caspase-1, forming the active form of the protease, Caspase-1. Caspase-1 acts on available inactive cytokine precursors, Pro-IL-1β and Pro-IL-18 always present in defensive body cells, creating active interleukin cytokines, IL-1β and IL-18. Activated IL-1β and IL-18 then initiate a process of inflammation response that ultimately leads to accumulation of cellular and biochemical protective and curative moieties. 32 There are several Inflammasomes whose primary protein structures have been essentially determined. However, the lion's share of work in skin has been done looking at the nod-like receptor protein-1 (NLRP1) and nod-like receptor protein-3 (NLRP3).
The interaction of NLRP and toll-like receptor (TLR) proteins via NF-ƙβ signaling
The surface of cells that can respond and make inflammasomes are typically studded with TLRs proteins which can and do become activated by external stimulants. The TLRs then upregulate expression of key inflammasome proteins necessary for creation of the inflammasome complex which is critical for the formation of active Caspase-1 (ACasp-1) via upregulation of genomic control through the NF-ƙβ nuclear pathways. TLRs communicate to create these proteins through upregulation of NF-ƙβ that transcribes the formation of the inert NLR, ASC, and Pro-Caspase-1 proteins that ultimately comprise the inflammasome complex. Skin cells that are first responders to danger associate molecular patterns (DAMPs) and pathogen associated molecular patterns (PAMPs) likely always have some reservoir of necessary inflammasome components residing intracellularly. It makes biological sense that keratinocytes would have the ability to create inflammasomes as these cells are essentially first-responders to exogenous threats like bacteria, UV, particles, etc. The inflammasomes can respond directly to exogenous threats by forming inflammasome complexes and so can react directly to exogenous threats like the TLRs. However, unlike the TLRs, once the inflammasome proteins assemble to form the inflammasome complex, the complex can activate Pro-Caspase-1 which then functions to activate Pro-IL-1β and Pro-IL-18, starting the inflammation cascades.
Caspase-1: a measure of NLRP inflammasome activation
Caspase proteins are cysteine proteases that initiate or carry out cellular processes involving protein cleavage. 33 They help injured (activated) cells "decide" if they should repair themselves or die through cellular mechanisms such as apoptosis and pyroptosis. 34 As noted, release of Caspase-1 through canonical immune pathways results in upregulation of critical inflammatory cytokines such as IL-1β, IL-18, but Caspase-1 can also cleave Pro-IL-1α and Pro-IL-33 through non-canonical immune pathways. 35 Regardless of the pathway, expression of Caspase-1 is linked directly to formation and activation of NLRP Inflammasomes. If the injured cells are creating Caspase-1, it is via an inflammasome-mediated pathway. 35 In 2017, O'Brien et al, reported on a new bioluminescence assay that directly detects the release of ACasp-1 from NLRP inflammasomes. 36 Activation of the NLRP inflammasomes can occur via various agonists such as UV energy or chemical initiators. 37 The assay has been used to examine Caspase-1 expression in skin fibroblasts and keratinocytes. 38, 39 The assay has also had some initial use in in vivo models on mice. 40 Normal human epidermal keratinocytes (NHEK) have been shown to express Caspase-1 through NLR protein cascades. 35, [41] [42] [43] However, there is ongoing examination and discussion if the NLRP1 or NLRP3 inflammasome pathways are the most critical to skin health. 42, 43 This paper will discuss efforts to examine the expression of Caspase-1 from externally stressed NHEKs. In addition, the paper will examine the ability of some selected polysaccharide-and antioxidant-based topical treatments to inhibit Caspase-1 expression in Inflammasome-activated keratinocytes.
Materials and methods

Human keratinocyte cell culture
Human adult epidermal keratinocytes (C0055C, Thermofisher) were grown using EpiLife Media (60 µM calcium) supplemented with the HKGS kit (S001K, ThermoFisher) as recommended by the manufacturer. The cells were cultured at 37±2°C and 5±1% CO 2 in T-75 flasks and then seeded into white, clear bottom 96-well plates and grown until confluent. Once confluent the cells were cultured overnight in hydrocortisone free EpiLife Media to minimize any potential anti-inflammatory effect from this component of the HKGS kit.
Screening of potential Caspase 1 activators: UVB, ATP, Nigericin, and Urban Dust
Initial pilot work for this study was conducted to determine what type of cellular insults would activate Caspase-1. To determine this, cultured keratinocytes were exposed to UVB, ATP (Sigma Aldrich, Catalog#A6419), Nigericin (Sigma Aldrich, Catalog#N7143), and Urban Dust (NIST SRM1649b). For the UVB exposure, the cell culture media were removed and replaced with 100 µL of PBS. The cells were then irradiated with 0, 15, 30, 45, or 60 mJ/cm 2 of UVB using a UVB lamp (Model #UVLM-26, Fisher Scientific, MA, USA). After the irradiation, the PBS was removed and 100 µL of hydrocortisone free EpiLife media was added. Caspase-1 activity was then determined at 3 and 20 hrs post-irradiation. For the remaining insults, the materials were added to the hydrocortisone free EpiLife media at the following concentrations: 1 and 5 mM ATP, 20 and 40 µM Nigericin, and 100 µg/mL Urban Dust. Caspase-1 activation was then determined after 3 and 20 hrs of incubation using the Caspase-Glo 1 Inflammasome Assay (G9952, Promega).
Prevention of Caspase-1 activation
Based on the levels of Caspase-1 activation observed at the 20-hr incubation time point in the initial screening of potential activators, 5 mM ATP and 60 mJ/cm 2 UVB were chosen as the two best activators to use for screening test materials for their ability to influence Caspase-1 activation. Test materials were prepared in hydrocortisone free EpiLife media. Stock solutions of non-water-soluble materials were prepared in dimethyl sulfoxide (DMSO), with dilutions also made in DMSO such that, when the stocks were added to hydrocortisone free EpiLife media, the final concentration of DMSO was 0.5% regardless of the final concentration of the non-water-soluble test material. A 0.5% DMSO-treated group served as a control for the effects of the DMSO vehicle.
ATP treatment: treatment of keratinocytes
The cell culture media for the cultured keratinocytes were removed and replaced with the media containing the test materials and 5 mM ATP. One set of cells was treated with media alone (no ATP added) to serve as a baseline control, while another set of cells was treated with media +5 mM ATP (no test materials) to serve as the stimulated control. The cells were then incubated for 20 hrs after which Caspase-1 activation was determined.
UVB exposure
Media for the Keratinocytes were exposed to a 60 mJ/cm 2 dose of UVB as described above. A set of non-UVB keratinocytes was prepared and used as a non-stimulated control, while another set of keratinocytes was exposed to UVB and treated with media alone to serve as the untreated group. At the end of the incubation periods, Caspase-1 activity was then determined.
Caspase-1 assay (Promega Caspase-Glo 1 inflammasome assay kit)
Prior to the assay, the Caspase-1 luminescent substrate solution was prepared and equilibrated to room temperature. After the respective incubation periods, 100 µL of the substrate solution was added to each well of the 96-well plate, the plates were mixed for 30 s and then incubated at room temperature for 1.5 hrs to allow the luminescent signal to stabilize. The plate was then read using a Fluoroskan Ascent Luminescence Plate Reader. All Caspase-1 activation assays were conducted in triplicate with the results analyzed using an ANOVA to determine statistically significant treatment differences (p<0.05).
Test materials
The polysaccharide extract blend comprised of Opuntia ficus cladodes, Schyzophillan mushroom mycelium, Western Larch tree pulp, and brown algae was provided by 
Results
Initiating NLRP inflammasome activation: energy sources
To examine the influence of external topical treatment's ability to inhibit Caspase-1 expression, it was necessary to first examine various established inflammasome activators. Epidermal keratinocytes are the first cells in the skin that meet external threats. As such, it is not unexpected that they would be able to express innate immune responses. The literature suggests that UV energy, bacterial surface proteins like Nigericin, and ATP will cause activation of the NLR Pyrin inflammasomes and commence the release of ACasp-1. 44 We examined various published and unpublished activators for their ability to stimulate the expression of Caspase-1 as measured via the O'Brien assay. Figure 2 shows the results of exposure of NHEK to various dosages of UVB radiation. It was found that at all energy levels, expression of Caspase-1 did not happen within the first 3 hrs of exposure. However, within 20 hrs, statistically significant expression of Caspase-1 occurred at 45 and 60 mJ/ cm 2 of UVB exposure.
Initiating NLRP inflammasome activation: chemical sources
We examined three potential chemical activators of keratinocyte Caspase-1 release. Two were known to have an influence on inflammasome activation in various cell types and included ATP, Nigericin and one, Urban Dust, had not been examined, Figure 3 . As can be seen, statistically significant upregulation of ACasp-1 again did not happen within the first 3 hrs of treatment with any activators. However, ATP was found to be a potent stimulator of Caspase-1 expression within the 20-hr time frame at concentrations of 1 and 5 mM. Interestingly, in this study, Nigericin, a bacterial surface protein known to stimulate inflammasome activation, did not show a significant effect on NHEKs. It is possible that different concentrations may be required to activate NHEKs with this protein, but in the parameters reported here, it was ineffective. Also, Urban Dust, a marker not known to be examined for its impact on inflammasome expression in keratinocytes, also did not appear to have a significant impact on inflammasome activation at a dose of 100 µg/mL.
Treatment with polysaccharide-based blend with UVB and ATP activation
Having established that application of both UVB radiation and ATP caused statistically significant upregulation of Caspase-1 expression, a blend of polysaccharides comprising extracts taken from O. ficus cladodes, Schyzophillan mushroom mycelium, Western Larch tree pulp and brown algae was examined for its influence on Caspase-1 expression, selected because they were suggested to be effective at impacting either skin inflammation or direct expression of IL-1β in keratinocytes. [45] [46] [47] [48] Prior to examining the polysaccharide blend, they were examined for their cytotoxicity to keratinocytes [data not shown]. The blend was then developed by carefully mixing the polysaccharides such that topical applications on keratinocytes in the range of 1-3% would provide each polysaccharide at a dose below its demonstrated effective but non-cytotoxic level.
Treatment with oil-soluble antioxidantbased blend with UVB and ATP activation
Antioxidants are known to impact the NLRP inflammasome. 49, 50 Of special interest were extracts of L. erythrorhizon roots, H. pluvialis algae, C. sinensis leaf and Glycyrrhiza glabra root which are known to show anti-inflammatory effects on skin or skin cells. [51] [52] [53] [54] All four antioxidants are commercially available as oil-soluble extracts and were blended to provide a fully soluble and Citrus sinensis fruit was examined using both UV and ATP activation, Figures 8 and 9 . 53,55-57
Discussion
The discovery of the NLRP Inflammasomes as a source of cellular inflammation was a significant event in better understanding the innate immune response. Further discovery that NLRP1 and NLRP3 inflammasomes are both expressed in skin keratinocytes and respond to skin wounding and UV radiation damage demonstrates that these key skin cells, creating the first line of living defense against exogenous attack, are critical for maintaining the health of the skin. 42, 43 In this work, the activation of keratinocytes by two known Inflammasome activators, ATP and UVB, was confirmed via testing for direct expression of ACasp-1 in exposed cells. It was surprising that MCC950, a known inflammasome inhibitor, had little impact on either ATP or UVB expression of ACasp-1 in these assays. MCC950 is a known NLRP3 inhibitor and it may be that the assays discussed here are having a greater impact of the NLRP1 inflammasomes as suggested recently by various research groups. 43, 58, 59 Nigericin is a known activator of inflammasomes in immune response cells such as dendritic cells and Langerhans cells and was recently examined in CRISP-modified keratinocytes as a potential activator of inflammasome response in keratinocytes. 60 However, in the assays presented here, activation of the NHEKs with Nigericin failed to show an anticipated effect. We are not certain why the Nigericin failed to show an effect in this assay and continue to investigate possible reasons. To the best of our knowledge, Urban Dust, a component often suggested to be an inflammatory component of urban smog also failed to have an influence on inflammasome activation in this assay. 100 µg/mL was employed in this work because in early work done at BioInnovation Laboratories, Urban Dust had shown effects at stimulating the release of IL-6, IL-8, and PGE 2 in keratinocytes and so was selected as a reasonable concentration to examine the release of ACasp-1 in the present assay. However, as noted, at 100 µg/mL, there appears to be no effect on activation of NLRP inflammasomes as measured by release of ACasp-1. There is continued interest to see if, perhaps, activation may require smaller particle-sized dust. The dust used in the present experiments had an average particle size between 10 and 100 microns. Dust of a particle size in the range of 2.5 microns (PM2.5) might be able to elicit an inflammatory response via the NLRP inflammasomes, but this was not tested here as this sized dust can be difficult to obtain commercially.
It must be noted as well that there was a time lag from the time of exposure to the activator and the expression of measurable ACasp-1 in NHEKs. The reason for the time lag is not immediately apparent, but recent discussion in the literature has suggested that it is not unknown that cells may experience a time lag between the time of exposure and the actual expression of inflammation cytokines. 19 It is possible with the testing protocols described here to examine the effects of topically applied ingredients to diminish NLRP Inflammasome-induced ACasp-1 expression. Both water-soluble ingredients, including botanically isolated polysaccharides and antioxidants, as well as a botanically isolated oil-soluble antioxidant have potential influence on ACasp-1 expression when post-added after activation of the keratinocyte inflammasomes. While the ingredients had statistically significant impacts on reductions in ACasp-1 expression, there was not always a clear dose-response apparent in these effects. Statistical significance was measured against untreated controls, not within ingredient test groups so it is difficult to say if the ingredients simply all worked or did not work vs untreated controls and not whether they performed statistically in a dose-dependent fashion. Interestingly, while the polysaccharide blend appeared to influence both UVB and ATPinduced ACasp-1 expression, both the water-soluble and oil-soluble antioxidant blends appeared to only influence the UVB-induced ACasp-1 expression. This suggests, perhaps, that the polysaccharides may influence a different aspect of the ACasp-1 expression compared to the influence of the antioxidants which may be affecting free radical formation driven by mitochondrial dysfunction. 61 Elucidating the mechanisms by which the ingredients impact the ACasp-1 expression via the current test methods, however, is difficult.
Conclusion
The discovery of the innate immune response inflammasomes has significantly expanded the understanding of how the body responds to attacks and damages. The fact that NLRP inflammasomes are expressed in both keratinocytes and fibroblasts suggests that the skin, being a primary contactor of the outside environment, is well suited to rapidly bring the body's defenses to bear on damaging insults. In the work described here, it was found that NHEKs are well activated to express ACasp-1 via NLRP-induced cellular activation. However, while it was noted that ATP and UVB energy did activate NHEKs to express increased levels of ACasp-1, the effects were not immediate or even apparent at the 3-hr time point after exposure. However, within 20 hrs, both ATP and UVB did elicit an increase in expression of ACasp-1 indicating that the NLRP inflammasomes had been activated. Surprisingly, a known NLRP1 inhibitor, MCC950, did not have an inhibitory effect on the release of ACasp-1 as was anticipated to happen. The reasons for this apparent lack of functional activity on these cells are presently unknown but should be noted for others working with this molecule as a control in skin research. Also, another somewhat surprising finding in these studies was that Nigericin, a bacterial lipopolysaccharide known to induce activation of macrophages, did not seem to impact the activation of the NLRP inflammasomes in NHEKs. This finding as well should be considered cautionary for others working with this NLRP activator. The examination of Urban Dust as a potential activator of NHEK inflammasome activation has not been reported. While more work should be done to see if Urban Dust can activate NLRP inflammasome inflammatory pathways, it may be that particle size plays a strategic and critical role in this effect. The Urban Dust used here had a particle size between 10 and 100 microns. It may be worth examining if Urban Dust of a smaller particle size, perhaps around 2.5 microns, might have a more profound impact on inflammasome activation. The ability of various naturally derived ingredients to inhibit the expression of ACasp-1 is important. It suggests that these ingredients may have the potential to reduce skin inflammatory responses via topical treatments. However, this will need to be demonstrated in clinical work which is presently ongoing.
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